Spinal astrocytes contribute to the circadian oscillation of glutamine synthase, cyclooxygenase-1 and clock genes in the lumbar spinal cord of mice.
Spinal astrocytes have key roles in the regulation of pain transmission. However, the relationship between astrocytes and the circadian system in the spinal cord remains poorly defined. In the current study, the circadian variations in the expression of several clock genes in the lumbar spinal cord of mice were examined by using real-time PCR. The expression of Period1, Period2 and Cryptochrome1 showed significant circadian oscillations, each gene peaking in the early evening. The expression of Bmal1 mRNA also exhibited a circadian pattern, peaking from around midnight to early morning. The mRNA levels of Cryptochrome2 were slightly, but not significantly altered. Molecules related to pain transmission were also investigated. The mRNA expression of glutamine synthase (GS), and cyclooxygenases (COXs), known to be involved in various spinal sensory functions, showed rhythmicity with a peak in the early evening, although the expression of the neurokinin-1 receptor, subunits of the N-methyl-d-aspartate receptor, and glutamate transporters did not change. In addition, we found that protein levels of GS and COX-1 were also high at midnight compared with midday. Furthermore, we examined the effect of intrathecal fluorocitrate (100pmol), an inhibitor of astrocytic metabolism, on the expression of oscillating genes in lumbar spinal cord. Fluorocitrate significantly suppressed astrocyte function. Furthermore, the circadian oscillation of clock gene expression and GS and COX-1 expression were suppressed. Together, these results suggest that a significant circadian rhythmicity of the expression of clock genes is present in the spinal cord and that the components of the circadian clock timed by astrocytes might contribute to spinal functions, including nociceptive processes.